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Abstract 
The technical obstacle of biomass gasification technology is the effective removal of tar, which will cause the 
clogging of pipes and engines. In this research, in order to develop the low-cost and high-efficiency tar removal 
technologies, the tar removal performances of bio-oil and char, which are the by-products of biomass gasification 
processes, were investigated. For this research, the scrubber with 100L of bio-oil and the char bed with 10kg of char 
and 3kg of activated carbon were prepared in the pilot-scale gasification plant. The results show that the bio-oil 
scrubber and the char bed were effective for tar removal and both of them removed about 60% of tar from the 
producer gas. It is noteworthy that the tar removal performance of the bio-oil scrubber did not decrease with the 
passage of time. This implies that the bio-oil scrubber had some big advantages, such as no cost for purchase and 
transportation of absorbent and no need to change the absorbent inside the scrubber. 
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1. Introduction 
The amount of biomass produced each year is continuously increasing with the growth of the population 
all over the world [1]. In agricultural countries, lots of agriculture wastes and forest wastes are produced 
every year but most of them are just thrown away without being used as resources [2]. The 
thermochemical conversion of biomass is one of the most promising options for biomass utilization 
because it can contribute to solving the problems associated with energy consumption and waste 
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management [3]. In addition, energy usage of biomass can reduce the greenhouse gas emissions due to its 
carbon neutral characteristic. The main technical obstacle of the biomass gasification is the efficient 
elimination of tar from the producer gas. Tar is defined as a complex mixture of organic hydrocarbon 
compounds, which will condense at ambient temperatures and may cause clogging of pipes and engines. 
Many kinds of tar removal methods for low-cost cleaning have been investigated so far. In this research, 
in order to develop the low-cost and high-efficiency tar removal technologies by the effective utilization 
of the by-products of biomass gasification, tar removal technologies by bio-oil have been investigated in a 
pilot-scale gasification plant. 
2. Material and methods 
2.1 Experimental setup 
For this research, the gasification plant owned by Maywa Co., Ltd., Ishikawa, Japan, was investigated. The 
gasification reactor is an updraft gasifier and air was supplied from the bottom of the reactor as the 
gasifying agent. The gasification temperature was kept at 700ć. The feed rate of cedar was kept at 60 kg/h. 
The tar-containing syngas is supplied to the tar removal system for removing tar, water and ash before 
entering the gas engine. The tar removal system consists of: the 1st cooler, the 1st centrifuge, the bio-oil 
scrubber, the 2nd centrifuge, 2nd cooler and the char bed. The 1st cooler and the 2nd cooler are indirect 
methods of water cooling. 
 
Fig. 1. Overview of the gasification facility 
2.2 Bio-oil scrubber 
The bio-oil was focused on as an absorbent for removing tar from producer gas in this research. The bio-
oil investigated in this research can be obtained from the 1st centrifuge of the tar removal system in the 
gasification plant. The water content and viscosity of the bio-oil collected in the 1st centrifuge are 
comparatively low because a certain amount of water and high-viscosity tar is removed by the 1st cooler 
before the 1st centrifuge. In addition, because of the non-polar characteristic of the bio-oil, tar compounds 
in the producer gas are expected to be able to dissolve in the bio-oil. Therefore, it is expected that the 
bio-oil trapped in the 1st centrifuge can be utilized as an absorbent for tar removal. The bio-oil scrubber 
was contained 100L of the bio-oil. It was a spray-type scrubber and the bio-oil was circulated in the 
scrubber at the rate of 37L/min by the electric pump. The tar-containing syngas was sprayed on the bio-
oil, and tar in the producer gas was removed in that process.  
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2.3 Char bed 
The tar removal performance of another by-product of biomass gasification, char, was investigated. The 
char for the char bed was generated in the gasification plant and was dried by draft drying for 12 hours. 
The char bed of cylindrical form was filled with 10kg of the char and 3kg of the activated carbon. The tar-
containing syngas went through the char bed and some of tar was removed by being adsorbed. 
 
 
Fig.2. (a) overview of bio-oil scrubber; (b) overview of char bed 
 
Table. 1. (a) Property of the bio-oil (at 27ć). (b) ultimate analysis of char 
 
 
 
 
 
 
 
 
 
 
 
 
2.4 Tar sampling method 
2.4.1 Wet method for heavy tar measurement 
The producer gas passed through a series of 10 impinger bottles filled with 100 ml isopropanol and 
heavy tar was collected by both condensation and adsorption. The entire impinger train was placed inside 
the cooling bath whose temperature was 3 f1ć with a mixture of water and ice. After sampling, all 
isopropanol sampling solvents in each impinger bottle were mixed together, filtered and dried by a 
standard rotary evaporator in a water bath kept at 40ć. The residue after the evaporation was defined as 
heavy tar. The heavy tar removal performance of the bio-oil scrubber and the char bed was measured 7 
times (the bio-oil scrubber) and 8 times (the char bed), respectively to see the time-dependent change of 
the tar removal performance of them during the operation time of 22.5 hours. 
 Bio-oil 
Water content (%) 18.8 
C (%) 62.6 
H (%) 9.7 
N (%) 0.3 
O (%) 8.6 
Density (g/cm3) 1.06 
Viscosity (mm2/s) 19.3 
 Char 
C (%) 70.7 
H (%) 1.0 
N (%) 0.4 
O (%) 27.9 
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Fig. 3. Heavy tar sampling method 
 
2.4.2 Dry method for light tar measurement 
 
The experimental setup (consisting of the following items in series: 6 mm I.D. charcoal tube containing 
150 mg of activated carbon and 8 mm I.D. silica gel tube containing 780 mg of silica gel) was connected 
to collect light tar by adsorption and condensation. The charcoal tube was principally for non-polar 
organic compounds adsorption and the silica gel tube was principally for polar organic compounds 
adsorption. The sampling time was 3 minutes at the gas flow rate of 0.8 l/min. The producer gas was 
sampled at the same locations with the heavy tar measurement with the constant flow rate of 0.8 l/min for 
3 min. A gas chromatography flame ionization detector (GC-FID) was utilized to determine light tar 
compounds and their concentrations. The light tar removal performances of the bio-oil scrubber and the 
char bed were measured.  
 
 
Fig. 4. Light tar sampling method 
 
3. Results and discussion 
3.1 Heavy tar measurement 
The heavy tar removal performance of the bio-oil scrubber and the char bed was shown in Fig. 5. (a) and 
(b), respectively. The results show that the bio-oil scrubber removed more than 60% of the tar in the 
producer gas. The tar removal rate did not decrease during the 22.5-hour operation time, and hovered 
between 60㹼75%. According to Anchan [4], the tar removal performance of waste cooking oil is 
between 55㹼80% in bench-scale experiment. Considering the cost of purchase and transportation of 
waste cooing oil, bio-oil is effective for tar removal. And the reason why the tar removal performance of 
the bio-oil scrubber did not decrease is because water, very heavy tar and ash, which might weaken the tar 
removal performance should have been removed by the 1st cooler and 1st centrifuge before the bio-oil 
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scrubber. Therefore, the impure substances did not accumulate in the bio-oil scrubber and the tar removal 
performance did not decrease. This is a big advantage of the bio-oil scrubber because it does not require 
the cost of absorbent change and the stoppage of the plant operation for it. On the other hand, the char bed 
showed a 60% rate of tar removal at the beginning of the operation. However, the tar removal rate 
decreased with the passage of time, and hovered at around 40% after 10 hours from the beginning of the 
operation. This is because the surface of char might be covered by tar which would have been adsorbed 
by char. In fact, the automatic surface area analyser showed that the surface area of char decreased from 
24.3 m2/g before to 3.8 m2/g after the 22.5-hour operation. 
 
3.2 Light tar measurement 
The light tar removal performances of the bio-oil scrubber and the char bed were shown in Fig. 6. (a) and 
(b), respectively. About the bio-oil scrubber, the light tar which was contained in the producer gas before 
the bio-oil scrubber consists of benzene, phenol, toluene and xylene. The tar removal rates of the bio-oil 
scrubber of each of these 4 kinds of light tar were: 41.8, 29.2, 45.3 and 14.5%, respectively. The 4 kinds 
of light tar were all hydrophobic and easy to dissolve in the bio-oil of the absorbent, which was the reason 
that the bio-oil scrubber possessed the light tar removal ability. On the other hand, the char bed showed 
removal rates of: 80.1, 35.7, 34.7 and 8.1% for benzene, phenol, toluene and xylene, respectively. The 
char bed was more suitable for light tar removal because char has lots of micro pores and tar of low 
molecules is easily adsorbed.  
 
 
Fig. 5. (a) heavy tar removal rate of bio-oil scrubber; (b) heavy tar removal rate of char bed 
        
 
Fig. 6. (a) light tar removal rate of bio-oil scrubber; (b) light tar removal rate of char bed 
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4. Conclusions 
In order to utilize the by-products of biomass gasification processes for tar removal, the tar removal 
performances of the bio-oil scrubber and the char bed were investigated in the pilot-scale gasification 
plant. The bio-oil scrubber showed higher than 60% rate of tar removal and the performance did not 
decrease with the passage of time. The lack of requirement to purchase, transport or change the absorbent 
are the big advantages of the bio-oil scrubber. The char bed showed also 60% tar-removal rate, but the 
performance decreased to 40% after 10 hours of operation because the surface of char might have 
become covered by tar which would have been adsorbed by char. The research demonstrated that the by-
products, bio-oil and char, can be utilized for tar removal. For the next experiment, the methods to 
increase the tar removal performances of the bio-oil scrubber and the char bed, and the methods to 
extend the life-time of the char bed should be investigated. 
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